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Introduction

This paper proved accessible to well-prepared candidates who were able to demonstrate
their knowledge and understanding of the chemistry tested and a familiarity with the
practical techniques involved. WCH16 is the final paper covering the entire IAL syllabus and
so it is important that all candidates have thoroughly revised the core practicals in
preparation for this examination. Some candidates found parts of the paper quite
challenging, especially where they were asked to apply their knowledge, or were asked to
explain the practical procedures. It was clear that some candidates would benefit from a
firmer grounding in the methods used in practical work and not just being able to follow
practical procedures and collect results.
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Question 1 (a)(i-ii)

In these questions the candidates were asked to give observations for chromium(III) ions. In
Q01(a)(i) the candidates need to mention that a green precipitate was formed and in
Q01(a)(ii) what would happen to the precipitate when more sodium hydroxide was added.

A fully correct response for both Q01(a)(i) and Q01(a)(ii), a total of 2
marks awarded.

Make sure the transition metal cation colours have been learned.
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This was a popular incorrect answer for Q01(a)(ii). Only 1 mark
awarded for Q01(a)(i).
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Question 1 (a)(iii)

This question required the formula of the chloride ion to be given (Cl-).

A fully correct response, 1 mark awarded.

The candidate has not read the question and has given the formula of
the precipitate instead. 0 marks awarded.
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The formula of the ion has not been given. 0 marks awarded.
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Question 1 (b)

This question was about a very easy anion spot test, but here the candidates were asked to
justify the addition of nitric acid before the addition of silver nitrate.

An excellent response, the candidate has justified the addition of nitric
acid to remove interfering anions and has correctly identified
carbonate anions (CO3

2-). 2 marks awarded.

In this example the candidate has misunderstood the question. 0
marks awarded.
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This response only scored 1 mark, as the candidate failed to name an
interfering anion.
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Question 1 (c)(i)

This question concerned another cation that also formed a green precipitate on the addition
of dilute aqueous ammonia solution, the candidates were informed that solution Q
contained iron(II) ions. Many candidates were awarded both marks, one for the colour
change – this was GCSE knowledge, and the other mark for the change in oxidation state of
the iron(II) to iron(III).

A perfect response, iron(II) is oxidised to iron(III) which is brown,
confirming Iron(II) was in solution Q. 2 marks awarded.
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In this instance the candidate has given the colour but has not given
any justification. 1 mark awarded.
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In this example the candidate has not read the question correctly and
seems to have focussed on the reaction with ammonia, rather than the
sample being left to stand. 0 marks awarded.

While the candidate has mentioned there is a colour change, they have
not stated what the new colour is, nor have they commented on the
oxidation of iron(II). 0 marks awarded.
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Question 1 (c)(ii)

A further question on the analysis of anions. This one was about testing for the presence of
sulfate ions. The majority of candidates were able to give a correct reagent and the correct
observation.

This candidate has copied the reagent required for testing for halide
ions from an earlier part of question 1. Consequently they were
awarded 0 marks.

A correct response indicating that barium ions are required and that a
white precipitate is produced if sulfate ions are present.
2 marks awarded.
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Question 1 (d)

This question checked the candidates knowledge of the coloured ions of transition metals.

This response has given two correct ions. 1 mark awarded.
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Question 2 (a)(i)

This question was about an organic liquid and describes the reaction on the addition of
water. About one third of all candidates were awarded all three marks. Many missed the link
between the HCl produced in the first step and the NH4Cl produced in the subsequent step.

This clip shows a fully correct response. The acyl chloride has been
identified, HCl fumes linked to misty fumes and NH4Cl to the white
smoke and so it was awarded 3 marks.
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This candidate has correctly identified the functional group and the
HCl as the misty fumes, however they have failed to mention NH4Cl
and so was only awarded 2 marks.

16International Advanced Level Chemistry WCH16 01



This clip illustrates a common misconception, that X was a chloro
alkane. The candidate has correctly spotted that the misty fumes are
HCl and so was awarded 1 mark only.
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Question 2 (a)(ii)

This question was about laboratory safety and how to reduce risk, with 90% of the
candidates giving the correct response of using a fume cupboard.

A correct response, awarded 1 mark.

This candidate has given a common incorrect response. 0 marks
awarded.
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Question 2 (b)

In this part of the question, the candidates needed to use information from Q02(a) and a new
piece of 13C NMR data.

A fully correct displayed formula of ethanoyl chloride, substance X, so
1 mark awarded.
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In this clip the candidate has correctly included the information from
Q02(a) but has not read Q02(b). They have drawn propanoyl chloride
and this compound would have three peaks in 13C NMR. 0 marks
awarded.
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Question 2 (c)(i)

Question 2 continues with the focus being substance Y for part (c). Q02(c)(i) concerned a
mass spectrum of Y and a fragment at m/z = 45. Nearly half of the candidates missed this
mark for a variety of reasons including:

positive charge missing from an otherwise correct response.
including a negative charge instead of a positive charge.
including a "hanging bond" from an otherwise correct response.

A fully correct response, so 1 mark awarded.
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The positive charge was missing, so 0 marks awarded.
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In this clip the candidate has remembered the ion in the question but
has given a negative charge, so 0 marks awarded.
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A "hanging bond" has been included in this response, so 0 marks
awarded.
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Question 2 (c)(ii)

In this part of Q02(c) the candidates needed to use the m/z = 74, the molecular ion, and the
mass of the COOH+ ion to deduce the structure of Y.

A fully correct response, including the deduction process. Fortunately
the candidate has given two correct responses, so 1 mark awarded.
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In this clip the candidate has made a correct deduction but they have
included an extra hydrogen atom, drawing a pentavalent carbon, so 0
marks awarded.

This clip shows a common error the m/z = 73 for butanol. 0 marks
awarded.
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Question 2 (d)(i)

In this part of the question substances X and Y are directly compared. The candidates have
been told that an ethyl ester is formed, they only need to give the name of an appropriate
reagent, so a fairly straightforward question.

A fully correct response, so 1 mark awarded.
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Question 2 (d)(ii)

This part of question 2 looks more closely at the esterification reaction, a further suggested
practical. Many candidates failed to be awarded any marks on this question. This indicates
that some practical procedures are overlooked.

A correct response, the candidate has mentioned the scent of the ester
and that the sodium hydrogen carbonate is used to neutralise the HCl
that is also formed in the reaction between ethanoyl chloride (X) and
ethanol. 2 marks awarded.

This clip shows a common misconception, that the sodium hydrogen
carbonate reacts with the ester. 0 marks awarded.
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Question 2 (e)

This final part of question 2 continues the comparison between substances X and Y. Here
their reactions with concentrated ammonia are considered. Over half of the candidates were
not awarded any marks for Q02(e).

A fully correct response. A total of 2 marks awarded.
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In this clip the product for X is an attempt to give the ammonium
compound for Y, but the ammonium ion is incorrect.

The product for Y is incorrectly shown as an amine.

This shows common incorrect answers given in combination by other
candidates. 0 marks awarded.
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Question 3 (a)

Question 3 is based on the core practical 9a – following the rate of the iodine-propanone
reaction by titrimetric method. Q03(a) concerned why part of the practical procedure is
carried out. About two thirds of candidates failed to be awarded this mark, indicating that
while candidates are able to follow practical methods, they are very unlikely to question the
procedural steps.

A perfect response. 1 mark awarded.
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A common response that missed the point of the question. The
candidate has stated that the iodine is the limiting reactant. 0 marks
awarded.
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Question 3 (b)

Question 3 is based on the core practical 9a – following the rate of the iodine-propanone
reaction by titrimetric method. For Q03(b) two thirds of candidates were awarded this mark
and correctly stated that the addition of sodium hydrogen carbonate would neutralise the
sulfuric acid and quench the reaction.

A perfect response citing both the acid neutralisation and the
quenching of the iodine-propanone reaction. 1 mark awarded.
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Question 3 (c)

Question 3 is based on the core practical 9a – following the rate of the iodine-propanone
reaction by titrimetric method. This question was about the indicator employed in this
practical. Nearly 60% of candidates correctly identified the indicator, starch, and the
appropriate colour change at the end, blue-black to colourless. Some candidates named an
acid-base indicator such as methyl orange and so missed both marks.

A perfect response. 2 marks awarded.

In this clip the candidate has given an acid-base indicator. 0 marks
awarded.

34International Advanced Level Chemistry WCH16 01



Question 3 (d)(i)-(e)(ii)

Question 3 is based on the core practical 9a – following the rate of the iodine-propanone
reaction by titrimetric method.

In Q03(d)(i) the candidates had to draw and label axes covering more than half the grid, plot
the points and draw a straight line of best fit. It was apparent that many candidates were
unable to find suitable scales for their graph.

In Q03(d)(ii) the candidates were asked why the volume of thiosulfate could be plotted
instead of the concentration of iodine – many candidates just commented that it was easier.

In Q03(d)(iii) candidates had to give the order of react with respect to iodine and justify their
answer by referring to the graph – many candidates lost the mark for stating an incorrect
order.

In Q03(e)(i) candidates needed to interpolate half-lives from a given graph followed by some
data manipulation. Some candidates lost a mark for giving half-lives as 7s and 15s.

In Q03(e)(ii) the candidates needed to use information from the rest of Q03(d)(iii), Q03(e)(i)
and Q03(e)(ii). This was mostly not awarded due to a missing rate constant (k) from the rate
equation.

Very few candidates were awarded all 8 marks for these parts of question 3.
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A perfect response. A total of 8 marks awarded.
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Here the candidate has lost a graph (Q03(d)(i)) mark due to an
inappropriate scale.

Q03(d)(ii) has not been awarded, as the candidate has not appreciated
the connection between the volume of thiosulfate and iodine
concentration.

Q03(d)(iii) has been lost as there is no justification.

For Q03(e)(i) the interpolation lines have been clearly drawn, but they
have failed to complete the half-life determination for the second
half-life.

A total of 4 marks awarded.
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In Q03(e)(ii) the candidate has left out the rate constant k. 0 marks
awarded.
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Question 4 (a)

Question 4 was about a nitration of an arene compound. Here the candidates are given the
practical procedure and are again asked to question various steps. In Q04(a) the candidates
were asked about the use of an ice bath, rather than just using ice cubes to keep the
temperature of the reaction below 15°C. Over 80% of the candidates failed to be awarded
this mark as they failed to mention either more contact or that the cooling would be more
effective.
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A perfect response, including a good comparison between just ice
cubes and an ice bath. 1 mark awarded.
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Here the candidate has given three answers. The comment on
'removing soluble impurities' is not correct. Finally a reference to
cooling but no mention of surface area in contact is insufficient to
score. 0 marks awarded.
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Question 4 (b)

Question 4 was about a nitration of an arene compound. Here the candidates are asked to
draw a possible structure of a nitrated arene that could be formed if the temperature is
permitted to rise above 15°C. Just under half of the candidates were awarded this mark.

A perfect response, showing a di-substituted product. 1 mark awarded.

The addition of a hydroxyl group was a common way of losing the
mark. 0 marks awarded.
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Question 4 (c)

Question 4 was about a nitration of an arene compound. Here the candidates are given the
practical procedure and a "spot the errors" diagram of Buchner vacuum filtration apparatus.

The candidates had to mention:

a missing filter paper, not merely suggest that the dotted line labelled base of the Buchner
funnel was incorrectly labelled, after all what would support the filter paper?
the flask should be a Buchner flask instead of a conical flask.
the presence of a vacuum pump, not merely an inference that "a vacuum needs to be
connected".

A perfect response. All three errors clearly noted. 3 marks awarded.
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This response was only awarded 2 marks, for the opening on the flask
to connect to vacuum pump shown on the diagram below the text. The
candidate was not awarded the filter paper mark as they have not
included a solid line labelled filter paper in their own diagram.
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Question 4 (d)

Question 4 was about a nitration of an arene compound. Here the candidates are given the
practical procedure, step 7 mentions that the crude methyl 3-nitrobenzoate needs to be
recrystallised. The question specifically asks for when each type of impurity (insoluble or
soluble) are removed.

A perfect response. The candidate has written in a logical and concise
manner, stating when each type of impurity has been removed. 4
marks awarded.
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In this clip the candidate is relying on the examiner to assume that the
crude product has been dissolved, so the dissolve in the minimum
volume of hot ethanol was not awarded.

The candidate has correctly stated that the hot filtration is to remove
insoluble impurities (lines 1 & 2).

The candidate has failed to mention that the filtrate needs to be
cooled for crystals to form.

The candidate has stated that the vacuum filtration is to eliminate
soluble impurities (lines 2 & 3).

2 marks awarded.

It might be helpful to write procedures as a logical sequence in bullet
pointed steps.
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Question 4 (e)

Question 4 was about a nitration of an arene compound. Here the candidates are given the
practical procedure and are again asked to question various steps.

A brief but fully correct response. A total of 2 marks awarded.
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Q04(e)(i) the drying agent reacting with the product, was a popular
incorrect answer. 0 marks awarded for Q04(e)(i).
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Question 4 (f)

Question 4 was about a nitration of an arene compound. In this part of the question the
candidates were asked to determine the percentage yield, given an experimental mass of
product formed. This question was generally well answered with over 60% of the candidates
being awarded all three marks.

An excellent response, laid out in a logical manner. 3 marks awarded.
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In this clip the candidate has evaluated the number of moles of methyl
3-nitrobenzoate only and this was not enough to gain a mark. There
were many responses of this type scoring 0 marks.
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Question 4 (g)

Question 4 was about a nitration of an arene compound. Here the candidates are given the
practical procedure and are again asked to question various steps. In this part of the
question the candidates were asked to suggest a melting point of the crude product and give
a justification for their answer. About two thirds of candidates failed to be awarded any
marks.

A fully correct response, mentioning both an appropriate range
(between 70°C and 79ºC) and with a justification that impurities would
both depress the melting point and increase the range of
temperatures over which the change of state occurs. 2 marks awarded.
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In this response the candidate has given an appropriate range but has
not given any justification. 1 mark awarded.

In this response the candidate has attempted the justification and
mentioned a larger range, but they have failed to mention that the
melting point range has been depressed. They have not suggested a
melting temperature range. 0 marks awarded.
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Paper Summary

Based on their performance on this paper, candidates should:

Ensure that they read and re-read the question, paying particular attention to the
command words and checking that their response answers the question.
Practice experimental techniques and if unable to do so personally then watch
demonstrations as this will help with recalling the techniques. While carrying out practical
work, spend time thinking about why a particular procedure is being used rather than
another.
Practice drawing apparatus and being able to spot deliberate errors on diagrams.
Show all working for calculations, in a logical manner, and remember to round the final
answer only.
Ensure that graphs are drawn with an appropriate scale that should cover half the grid in
either direction.
Make sure that when interpolating information from a graph, the lines are drawn with care
and also remember to include the correct units when giving the answer.
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